There is little literature data describing the antitumor activity of heterocyclic quinolones. Some new analogs of 4-quinolinones and 1,7 naphthyridin-4-ones were synthesized and their in vitro antitumor activity against central nervous system (CNS) (SNB-75), breast (T-47D) and lung (NCI-H 522) cancer cell lines was tested.
the reaction with N- [3-(dimethyamino) propyl]aniline. 24) Compound 10a was also prepared directly from quinolone 6c in the reaction with N- [3-(dimethyamino) propyl]amine. 25) The structures of the novel compounds were determined on the basis of analysis of chemical shifts and H-H coupling constants in 1 H-and 13 C-NMR spectra as well as by elemental analysis.
Antitumor Activity The effect of all compounds on cell proliferation was tested on the following malignant human tumor cell lines: cervical carcinoma (HeLa), breast carcinoma (MCF-7), colon carcinoma (CaCo-2), pancreatic carcinoma (Mia PaCa-2), melanoma (HBL) and laryngeal carcinoma (Hep-2), as well as on human fibroblast cell line (WI-38).
Inhibitory effects are shown in Table 1 and Fig. 1 . All tested compounds exhibited strong antitumor activity with IC 50 ranging from 0.1 to 51 mM. Only compound 7 showed weaker inhibition than the others, IC 50 ranging from 4.6 mM for HBL to 51 mM for Hep-2 cells. Compounds 6a and 10a were the strongest inhibitors of growth for HeLa cells Chart 1 (IC 50 ϭ0.1 mM) and for CaCo-2 cells (IC 50 ϭ0.23 and 0.15 mM, respectively). 6a and 10b were also strong inhibitors of the growth of HBL cells (IC 50 ϭ0.46 and 0.59 mM). Compounds 6a and 10a showed the most pronounced selectivity in cytostatic activity-IC 50 from 0.1 mM for HeLa cells to 7.41 and 7.24 mM for MCF-7 and HBL, respectively.
In comparison with antitumor activity of other quinolones 2, [26] [27] [28] [29] [30] the substances tested in these experiments are very strong inhibitors of tumor cell proliferation at very small concentrations.
Conclusions
All tested compounds exhibited strong inhibitory activities against all cell lines tested. The cell sensitivity varied with the compound applied. All compounds examined were of similar cytotoxicity, except compound 7 which exhibited a less cytotoxic effect against all cell lines.
Experimental
Chemistry Melting points were determined on a Kofler hot stage microscope and are uncorrected. IR spectra were recorded on a Nicolet Magna 760 spectrophotometer in KBr discs or as a liquid film between sodium chloride plates. UV spectra were recorded on either a Perkin-Elmer 124 or a Hewlett-Packard 8452A spectrophotometer-meter in methanol or ethanol.
1 H-and 13 C-NMR spectra were recorded on either a Varian Gemini 300 or a Bruker Avance DPX 300 spectrometer in DMSO-d 6 or CDCl 3 . Chemical shifts (d) are reported in parts per million (ppm) relative to tetramethylsilane (TMS) as an internal standard, and coupling constants (J) are given in hertz (Hz). Mass spectra were recorded on either a Varian-MAT 311A (Electron Impact and Fast Atom Bombardment) or a Micromass Platform LCZ (Electrospray). Elemental analysis for carbon, hydrogen and nitrogen was performed on a Perkin-Elmer 2400 elemental analyser. Elemental compositions of the compounds agreed to within 0.4% of the calculated value. Irradiation was performed at room temperature with a water cooled immersion well fitted with an "Original Hanau" 400 W high pressure mercury arc lamp using a quartz or pyrex filter. All compounds were routinely checked by TLC with Merck silica gel 60F-254 glass plates or Merck aluminium oxide plates.
3-(3-Thienyl)acrylic Acid (3a) Method A: A solution of thiophene-3-carboxaldehyde (10 ml, 0.11 mol), malonic acid (11.40 g, 0.11 mol) and piperidine (1.5 ml) in pyridine (100 ml) was refluxed for 18 h. After cooling to room temperature the reaction mixture was poured into ice-water (ca. 300 g) and acidified with concentrated HCl with vigorous stirring. The precipitated crystals were filtered, washed with water and crystallized from 50% ethanol to give 3a (10.17 g, 60.0%) as white crystals, mp 150-152°C (lit. 16) mp 151°C).
Method B 17) : A mixture of 3-bromothiophene (3 ml, 0.03 mol), cyclohexylammonium acrylate (20 g, 0.12 mol), palladium(II)acetate (0.10 g, 0.45 mmol), triphenylphosphine (0.36 g, 1.37 mmol), triethylamine (30 ml) and acetonitrile (70 ml) was sealed in a glass tube and heated at 120°C for 20 h. After evaporation of the solvent, the residue was dissolved in water and boiled with charcoal. After filtration, the filtrate was acidified with diluted HCl (1 : 1). The resulting precipitate was filtered off and recrystallised from 50% ethanol to give 3a (1.25 g, 25.3%) as white crystals.
3-(5-Methoxycarbonyl-3-thienyl)acrylic Acid (3b) Compound 3b was synthesised according to method B starting from methyl 4-bromothiophene-2-carboxylate (2) The solution of acid 3a (10 g, 0.07 mol), thionyl chloride (50 ml) and pyridine (2 ml) in chlorobenzene (100 ml) was heated at 140°C for 18 h. Excess of thionyl chloride was removed under reduced pressure and the residue extracted with boiling cyclohexane. After cooling, the precipitated yellow crystals were filtered off to give 4a (3.23 g, 40.5%), mp 127-130°C (lit. 21) mp 127-130°C). [3-(dimethylamino) propyl]aniline (3.56 g, 0.02 mol) and 5% NaOH (9 ml) at 2-3°C. The resulting mixture was stirred at the same temperature for 30 min and then for 1 h at room temperature. The organic layer was separated and washed first with 10% HCl, then with water and dried over anhydrous Na 2 SO 4 . After evaporation of the solvent, the crude product was purified by column chromatography (neutral aluminium oxide) with toluene-ethanol mixture (9 : 1, v/v) to yield 6.44 g (89.5%) of compound 5a. IR (NaCl) cm (0.65 g, 1.7 mmol) and triethylamine (0.23 ml, 1.7 mmol) in a methanol-benzene mixture (1 : 10, v/v) (550 ml) was irradiated with a 400 W high pressure mercury arc lamp using a pyrex filter at room temperature for 30 min. During the irradiation the air was bubbled through the solution. After evaporation of the solvent, the crude product was purified by column chromatography (neutral aluminium oxide) with toluene-ethanol mixture (9 : 1, v/v). The oily residue was stirred with saturated ethanolic HCl (10 ml) for 15 h to give 6a (0.12 g, 31 5d (0.50 g, 1.2 mmol) and using the same procedure as above, after 2 h of irradiation followed by recrystallization from dioxane compound 6d (0.17 g, 40.0%) was obtained as light yellow crystals, mp Ͼ300°C (lit. 20) mp Ͼ300°C).
5-(3-(Dimethylamino)propyl(-6-oxo-5,6-dihydrothieno[3,2:4,5]-thieno[2,3-c]quinoline-9-carboxanilide Hydrochloride (7)
To a cold solution of 6d (1.00 g, 2.7 mmol) in anhydrous DMF (200 ml), sodium hydride as 60-65% oil dispersion (0.50 g, 13.0 mmol) was added in three portions. 31) After stirring under nitrogen for 15 min, a solution of 3-(dimethylamino)propyl chloride hydrochloride (1.12 g, 7.0 mmol) in DMF (50 ml) was added to the solution and the reaction mixture was stirred for 2 h at 0°C and 60 h at room temperature. The solid (sodium chloride) was separated by filtration and the solvent was removed under reduced pressure. The crude product was purified by column chromatography (neutral aluminium oxide) with toluene-ethanol mixture (9 : 1, v/v) followed by stirring the solid with saturated ethanolic HCl (10 ml) for 15 h to give 7 (0.12 g, 9.1%) as white crystals, mp 238-240°C. IR (KBr) cm Cell Lines and Culturing Human tumor cell lines (HeLa, cervical carcinoma; MCF-7, breast carcinoma; CaCo-2, colon carcinoma; Mia PaCa-2, pancreatic carcinoma; HBL, melanoma; Hep-2, laryngeal carcinoma) and normal human fibroblasts (WI-38) were tested for sensitivity on quinolones in vitro. All cell lines were grown in DMEM medium (supplemented with 10% heat inactivated fetal bovine serum, 2 mM L-glutamine, 100 U/ml penicillin and 100 mg/ml streptomycin) at 37°C in a humidified atmosphere with 5% CO 2 . For the purpose of the experiment, the cells were plated in quadriplicate in 96-microwell flat bottom plates at the concentrations of 2ϫ10 Ϫ6 , 10 Ϫ7 M). Compounds were dissolved in DMSO at the concentration 10 Ϫ1 M and diluted with DMEM medium into working concentrations. The concentration of DMSO was too small to affect the growth. Control cells (without any compound) were grown under the same conditions.
Cell viability was measured immediately before (day 0) and 72 h after addition of compounds, using MTT assay, which detects dehydrogenase activity in viable cells. 32, 33) For this purpose the medium was discarded and MTT was added to each well at a concentration of 20 mg/40 ml. After 4 h of incubation at 37°C the precipitates were dissolved in 160 ml of DMSO. The absorbance was measured on ELISA reader at 570 nm, and the percentage of growth was calculated. Each number was the mean of four parallel samples in three individual experiments. The cytotoxic effects of each compound were obtained as IC 50 values, which represents the molar drug concentrations required to cause 50% inhibition.
